Kaon photo-and electroproduction off a proton near the production threshold are investigated by utilizing an isobar model. The background amplitude of the model is constructed from Feynman diagrams, whereas the resonance term is calculated by using the multipole formalism. It is found that both pseudoscalar and pseudovector models can nicely describe the available photoproduction data up to W = 50 MeV above the threshold. The Λ resonance S 01 (1800) is found to play an important role in improving the model. In the case of double polarization observables O x and O z our result corroborates the finding of Sandorfi et al. Due to the large contributions of the K * and K 1 vector mesons, extending the model to the case of electroproduction is almost impossible unless either special form factors that strongly suppress their contributions are introduced or all hadronic coupling constants are refitted to both photo-and electroproduction databases, simultaneously. It is also concluded that investigation of the kaon electromagnetic form factor is not recommended near the threshold region.
I. INTRODUCTION
It has been known that a comprehensive phenomenological analysis of kaon photoproduction is still far away from what we expected one or two decades ago, in spite of the fact that there are ample experimental data with good quality recently provided by modern accelerators such as JLab in Newport News, ELSA in Bonn, and SPRING8 in Osaka. The reason for this set back is because of the high threshold energy, which not only "switches on" the strangeness degree of freedom, but also increases the level of complexity of phenomenological or theoretical models that attempt to describe the process. Already close to the production threshold ( (1535) . Furthermore, the presence of strangeness degree of freedom insists on the use of SU(3) symmetry in the reaction mechanism, rather than SU(2) as in the case of pion production, which clearly makes the theoretical formalism more difficult.
In the last decades tremendous efforts have been devoted to model kaon photoproduction process. Most of them have been performed in the framework of tree-level isobar models [1] [2] [3] [4] [5] [6] [7] , coupled channel approaches [8] [9] [10] [11] [12] , Regge model [13] , or quark models [14, 15] . Extending the energy range of isobar models to higher region by utilizing Regge formalism has also been pursued recently [16] [17] [18] [19] . At present, experimental data are abundant from threshold up to 2.5 GeV. In this energy range there are 19 nucleon resonances in the Particle Data Book [20] there are hyperon and meson resonances that may also influence the background terms of the process. To take into account all these excited states is naturally a daunting task, since their hadronic and electromagnetic coupling constants are mostly unknown. There is a possibility to fit all these unknown parameters, however, the accuracies of presently available data still allow for too many possible solutions. Furthermore, the extracted couplings are quite often "nonphysical", in the sense that their values are much smaller or much larger than the widely known pion coupling constant g πN N .
In the literature, a number of recipes have been put forward to avoid this problem, e.g., by limiting the number of resonances, by taking into account as many as possible constraints that are relevant to the process, or by combining these two methods.
Except limiting the energy of interest, there is no firm argument for limiting the number of resonances that should be put into the model. In the previous works, the goal to construct a very simple elementary operator for use in nuclear physics was sometimes used for this purpose [1, 3, 5] . The argument of duality is also proposed to this end [21] . As a result, the number of phenomenological models describing kaon photoproduction was quickly increasing in the last decades. These models differ chiefly by the number and type of resonances used as well as, quite obviously, the values of extracted coupling constants.
The exact values of coupling constants are a long-standing problem. Even for the main coupling constants g KΛN and g KΣN there is so far no consensus as to which values should be used in the electromagnetic production of kaon. The SU(3) symmetry dictates the values of g KΛN / √ 4π = −4.4 to − 3.0 and g KΣN / √ 4π = +0.9 to + 1.3, given that the SU (3) is broken at the level of 20% [2] . These values are consistent with those extracted from the K-N or Y -N scattering data [22, 23] . However, the QCD sum rules predicted significantly smaller values, i.e. g KΛN / √ 4π = −1.96 and g KΣN / √ 4π = +0.33 [24] . On the other hand, the values extracted from kaon photoproduction are mostly much smaller than the SU (3) prediction, unless hadronic form factors were used in hadronic vertices or some absorptive factors are applied to reduce the Born terms [25] . These facts indicate that the problem of the g KΛN and g KΣN values is far from settled at present. Other coupling constants, such as those of K * and K 1 intermediate states can be also estimated with the help of SU (3) symmetry and a number of parameters extracted from other reactions. Their values are by all means less accurate than the values of g KΛN and g KΣN .
A quick glance to the K + Λ photoproduction data base will reveal that there are more than 100 data points of differential cross section for the energy range from threshold up to 50 MeV above the threshold, available from the SAPHIR [26] and CLAS [27] collaborations. This
indicates that a phenomenological analysis of kaon photoproduction near the production threshold is already possible. To the best of our knowledge, there was no such an analysis performed with these data. The latest study of kaon photoproduction from threshold up to 14 MeV above the E lab γ,thr was performed by Cheoun et al. [28] more than a decade ago. Since there were no data available at that time, Cheoun et al. predicted the total cross section of the γ + p → K + + Λ process by varying the value of g KΛN / √ 4π from 0 to 4 and studied the difference between the pseudoscalar (PS) and pseudovector (PV) couplings in this reaction. They argued that measurement of the total cross section can determine the real value of this coupling constant. We note that for the SU(3) value of the g KΛN / √ 4π, the total cross sections for both PS and PV couplings at 10 MeV above E lab γ,thr are predicted to be around 5 µb, whereas for the value accepted by the QCD sum rule the cross sections would be slightly more than 1 µb. It is interesting to compare these predictions with the currently available data (see Fig. 3 in Section V) and find that none of these predictions is right, since at this energy the experimental cross section is found to be less than 0.4 µb.
From the facts presented above it is clear that investigation of kaon photoproduction near the production threshold is very important, because it could provide very important information on the simplest form of the reaction mechanism as well as information on the background terms. In the isobar model this also means information on the t-and u-channel intermediate states that contribute to the background terms. Such information is obviously very difficult to obtain at high energies due to the complicated structure of reaction amplitude at this stage. Furthermore, since models that describe the production at threshold are in general quite simple, the individual contributions of intermediate states to this process can be easily studied. In summary, the result of this investigation should become a stepping stone for the construction of extended models describing the photo-and electroproduction reaction at higher energies.
In this paper we present our analysis on the γ + p → K + + Λ process near the production threshold, i.e. up to 50 MeV above the W thr. , as well its extension to the electroproduction case e + p → e + K + + Λ. We note that a new version of kaon photoproduction data from CLAS collaboration has been published recently [29] . However, since the behavior of these data at the threshold region is similar to that shown by the previous ones [27] , we believe that it is sufficient to use the previous version of CLAS data [27] for the photoproduction process in the following discussion for the sake of simplicity. As a starting point we consider the resonances suggested by Cheoun et al. [28] (see Table II Tiator et al. [31] . The advantage of using this formalism as compared to the covariant one is that it provides a direct comparison of the extracted helicity photon couplings with the PDG values. Moreover, the multipole formalism does not produce unnecessary additional background terms that will interfere with the pure ones, as in the case of the covariant calculation. To further reduce the number of free parameters in our model we also fix the resonance parameters to the PDG values.
This paper is organized as follows. In Section II we present the formalism of our model in the PS theory. Section III briefly discusses resonance formalism of our model. In Section IV we present the difference between PS and PV amplitudes. The numerical results and comparison between experimental data for kaon photoproduction and model calculations will be given in Section V. In Section VI we discuss the extension of our model to the case of electroproduction and the effect of the available kaon electroproduction data on the result of our previous fit. In Section VII we summarize our findings.
II. PSEUDOSCALAR COUPLING
Let us consider photo-and electroproduction process that can be represented as a real and virtual photon production
As discussed in the previous section, the background terms of this process are obtained from a series of tree-level Feynman diagrams shown in Fig. 1 . They consist of the standard s-, u-, and t-channel Born terms along with the K * + (892) and K 1 (1270) t-channel vector meson.
The energy near threshold can be considered as low energy, therefore, we would expect that no hadronic form factors is required in all hadronic vertices of the diagrams in Fig. 1 . This has an obvious advantage, i.e., we can further limit the number of free parameters as well as uncertainties in our model. In Ref. [32] it is shown that the use of hadronic form factor could lead to an underprediction of differential cross section data at forward angles.
Using the standard procedure in the pseudoscalar theory the transition amplitude for kaon photo-and electroproduction off a proton reads
whereas the gauge and Lorentz invariant matrices M j are given by
where P = (p p + p Λ ), and ǫ µνρσ is the four dimensional Levi-Civita tensor with ǫ 0123 = +1.
We note that the definition of the invariant matrices above is slightly different from those given in Refs. [34, 35] , specifically the M 4 amplitude. The functions A i therefore read
where κ p and κ Λ denote the anomalous magnetic moments of the proton and Λ hyperon;
, and G KΣN = κ T g KΣN . Note that the gauge invariance ensures that A 5 is still finite at the photon point k 2 = 0. Thus, there is no singularity in Eq. (6e) in the limit of k → 0 and the transition from electroproduction to photoproduction is still smooth. 
where W represents the total c.m. energy, the isospin factor c KΛ = −1 [36] , f KR is the usual Breit-Wigner factor describing the decay of a resonance R with a total width Γ tot (W ) and physical mass m R . The f γR indicates the γNR vertex and φ represents the phase angle.
The Breit-Wigner factor f KR is given by
with m p the proton mass. The energy dependent partial width Γ KΛ is defined through
where β K is the single kaon branching ratio, Γ R and q R are the total width and kaon c.m.
momentum at W = m R , respectively. The γNR vertex is parameterized through
where
The total width appearing in Eqs. (7) and (8) is the sum of Γ K and the "inelastic" width Γ in . In this work we assume the dominance of the pion decay channel and we parameterize the width by using
with q π the momentum of the π in the decay of R → π + N in c.m. system, q 0 = q π calculated at W = m R , and the damping parameter X is assumed to be 500 MeV [30] .
The electric multipole photon couplingĒ 0+ in Eq. (7) is related to the helicity photon
The scalar multipole photon couplingS 0+ has the same form as Eq. (7). It is related to the helicity photon coupling S 0+ 1/2 throughS 0+ = − √ 2S 0+ 1/2 . To calculate the cross section we combine the CGLN amplitudes from the background and resonance terms. The CGLN amplitudes F 1 -F 6 [37] for the background terms are calculated from the functions A 1 -A 6 given in Eq. (6), in the case of PS coupling. Since we have only S 11 (1650) as the resonance, the CGLN amplitudes in the resonance part becomes quite simple, i.e.,
IV. PSEUDOVECTOR COUPLING
In the pseudovector theory we have to change the vertex
where q K is the momentum of the kaon leaving the vertex and the pseudovector coupling constant g PV KΛN is related to the pseudoscalar one through g [33] . To maintain gauge invariance, the so-called contact (seagull) term shown in Fig. 1 is added. Therefore, the functions A i in the pseudovector theory are related to those of the pseudoscalar theory given by Eq. (6) through
, (13c)
where λ PV represents the PS-PV mixing parameter, i.e., λ PV = 1 for the pure PV coupling, λ PV = 0 for the pure PS coupling, and 0 < λ PV < 1 for the model with a PS-PV mixed coupling. The impact of the contact term is obvious in Eq. (13d), since without this term the longitudinal function A 6 would become singular at the photon point k 2 = 0. 
V. RESULTS FOR PHOTOPRODUCTION
The cross sections and polarization observables are calculated from the function A i described above by using the standard formulas given in Ref. [37] . These calculated observables are fitted to experimental data by adjusting the unknown coupling constants using the CERN-MINUIT code.
A. Numerical Results
The particles which might contribute to the kaon photoproduction near threshold have been listed in Ref. [28] . In Table I we display this list and indicate the particle used in the present analysis. It is important to note that we do not include all those possible [20] . In the present analysis we maintain to use both K * (892) and K (3) symmetry and other mechanisms. However, in our analysis, the existence of these intermediate states is very important to avoid the divergence of the calculated cross section. As has been briefly discussed in Introduction, in order to limit the number of free parameters, we fix the resonance parameters of S 11 (1650) to the PDG values given in Table II . Thus, for the nucleon resonance, only the phase angle φ in Eq. (7) is extracted from experimental data.
Obviously, there is no need to consider hadronic form factors here, since contribution from the background terms is still controllable. As shown by Refs. [2, 40] , the background contribution starts to diverge at W > 1900 MeV. At this stage, even combination of several nucleon and hyperon resonances is unable to damp the cross section. Thus, the use of hadronic form factors provides the only efficient mechanism to overcome this problem.
Meanwhile, the problem of data inconsistency discussed e.g. in Refs. [32, 36] does not appear in the energy region of interest, since both CLAS and SAPHIR data agree each other up to 50 MeV above the threshold.
There are 139 experimental data points in our database for energies up to 50 MeV above W thr , consisting of 115 differential cross sections [26, 27] , 18 recoil polarizations [26, 27, 41] , and 6 photon beam asymmetries [41] . In addition, we have 18 data points of beamrecoil double polarizations, O x and O z , and target asymmetry T from the latest GRAAL measurement [42] .
A comparison between the extracted coupling constants in the present analysis and those obtained in previous works is given in Table III . Our result corroborates the finding of previous studies, i.e. experimental data prefer the PS coupling. The χ 2 of this model is clearly smaller than that of the PV one, which is an obvious consequence of the use the SU(3) main coupling constants. In the PV case, if we left these coupling constants to be determined by experimental data, we would then obtain smaller values like those found in previous studies [40, 43] . The phenomenon originates from the fact that the standard PV Born terms yield a larger cross section compared to the standard PS Born terms. This problem can be alleviated by reducing the absolute values of the main coupling constants.
In our case, since the coupling constants are fixed to the SU(3) values, the fit tried to reduce this through a destructive interference with other diagrams, e.g. by increasing the values of the hyperon resonance Y * 3 coupling constant (see column 3 of Table III ). Nevertheless, this is insufficient to compete with the result of the PS model, as shown by the larger χ Although we used different set of resonances, the extracted coupling constants of our PS model seem to be closer to those of AS1 and AS2 models, indicating the consistency of our work. The small differences between our, AS1, and AS2 coupling constants might originate from the different experimental data and resonance configuration used. Especially remarkable is the value of the hyperon resonance Y * 3 coupling constant which is closer to the Y * 2 and Y * 1 coupling constants of the AS1 and AS2 model, respectively, but differs by more than one order of magnitude to that of the WJC coupling (Y * 1 ). To investigate the role of the nucleon resonance S 11 (1650) in kaon photoproduction near threshold we compare contribution of this resonance with contributions of the backgrounds of the PS and PV models to the total cross section in Fig. 2 . It is found that the S 11 (1650) contributes more than 20% to the total cross section in the PS model. In the PV model its contribution varies from about 15% up to 70%, depending on the energy. In Ref. [36] it is shown that this resonance is only significant in the model that fits to the SAPHIR data, in which around 20% of the total cross section comes from the contribution of this resonance.
In the model that fits to the CLAS data, the effect of this resonance is negligible (see Fig.   13 of Ref. [36] ). Note that the background terms of the multipole model presented in Ref. [36] ) is based on the PS coupling. We also note that the background contribution of PV model starts to dramatically increase at W = 25 MeV above the threshold, as shown in 
B. Comparison with Experimental Data
In Fig. 3 we compare total cross sections predicted by the PS, PV, AS1, and KaonMaid [5] models with experimental data and prediction of the chiral perturbation theory [44] . Obviously, the PS model is the best model for kaon photoproduction near threshold.
The PV result underestimates the data up to W = 40 MeV above threshold. Kaon-Maid underpredicts the data by about 20% in the whole energy region of interest. The similar phenomenon is also shown by the prediction of chiral perturbation theory, i.e., it also [2], and Kaon-Maid [5] models with the result of the chiral perturbation theory (χPT) [44] and available experimental data from the SAPHIR [26] and CLAS [27] collaborations. Note that all data shown in this figure were not used in the fitting process of the PS, PV, and Kaon-Maid models.
underpredicts experimental data by about 30% -50%. Interestingly, we observe that the prediction of the PV model is very close to the prediction of the chiral perturbation theory up to W = 10 MeV above threshold. This fact originates from the small background terms of the PV model in this energy region, as discussed in the previous subsection. The AS1 model seems to overestimate most of the experimental data shown. Note that we did not use these total cross section data in our fits, because they are less accurate than the differential ones. Especially in the case of the CLAS data, where the angular distribution coverage is more limited than in the case of SAPHIR data.
The angular distribution of differential cross section shows a certain structure (see Fig.   4 ). This structure is more obvious in the case of SAPHIR data. This structure seems to be missing in the Kaon-Maid, as clearly seen at W = 1.653 MeV and 1.657 MeV. We also note that both AS1 and AS2 cannot produce this structure. Nevertheless, due to their limited accuracies, present experimental data do not allow for further analysis of this structure.
Even the difference between the PS and PV models cannot be resolved at present. Therefore, for investigation of kaon photoproduction near threshold, experimental measurement of differential cross section with an accuracy of about 5% in the whole angular distribution is recommended. Especially important is the production at threshold, where isobar models seem to produce constant and structureless differential cross sections.
The energy distribution of differential cross section is shown in Fig. 5 . Here we see that the agreement between model calculations and experimental data is quite satisfactory. The small deviations at θ c.m. K = 104.48
• and 116.74
• originate from the influence of backward angles data, specifically from SAPHIR data (see Fig. 4 ), which decrease the cross section at this kinematics during the fitting process.
The results for recoil polarization and photon asymmetry observables are shown in Fig.   6 . It is widely known that these observables are quite sensitive to the choice of the resonance configuration. Again, we see that the agreement of the PS model is better than both PV and Kaon-Maid models.
C. The Beam-Recoil and Target Polarizations
The new experimental data for the beam-recoil and target polarizations have been recently released by the GRAAL collaboration [42] . These data require special attention because their definition of coordinate systems is slightly different from ours. The GRAAL data are obtained by using the coordinate system used by Adelseck and Saghai [2] . In the present work we used the coordinate system of Knöchlein et al. [37] . We note that the difference between the two coordinate systems leads to different signs of both O x and O z observables, but the same sign of the target asymmetry T . At this stage, it is important to remind the reader that already in the "classical" paper of Barker, Donnachie and Storrow in 1975 [38] a clear definition of signs and coordinate systems for this purpose has been given.
In the work of Knöchlein et al [37] these coordinate systems have been adopted. However, in the recent work of Sandorfi et al. [39] new expressions that allow a direct calculation of matrix elements with arbitrary spin projections are presented and used to clarify sign differences that exist in the literature. By comparing with Kaon-Maid (as well as SAID), it is found that within this convention the implied definition of six double-polarization observ-
and O z ′ , are the negative of what has been used in comparing to recent experimental data. To comply with this finding we do not flip the original sign of the experimental data of the GRAAL collaboration [42] as shown in Fig. 7 . Note that the data shown in Fig. 7 are not used in our analysis. Therefore, the calculated polarization observables shown here are pure prediction. Surprisingly, the predicted O x and O z , as well as the target asymmetry T , are in perfect agreement with experimental data. This is true for both PS and PV models, although the presently available data cannot resolve the difference between the two models. We observe that the present calculation is still consistent with the result of Kaon-Maid model [5] . We have also compared our result for the O x observable with that obtained by Adelseck and Saghai (see Fig. 11 of Ref. [2] ) and found that our result is also consistent, especially at the backward direction, where the sign of O x becomes negative. To conclude this subsection, we would like to say that our result corroborates the finding of Sandorfi et al. [39] . 
D. Effects of the Hyperon Resonance
The importance of the hyperon resonance in the background amplitude of isobar model for kaon photoproduction was pointed out by Adelseck and Saghai [2] . They used the S 01 (1670) resonance in the AS1 model and the S 01 (1405) in the AS2 model (see Table III ). By including S 01 (1405) or S 01 (1670) they were able to fit the hitherto available experimental data and simultaneously reproduce the SU(3) values of main coupling constants g KΛN and g KΣN .
Later, Janssen et al. [6] found that the use of hyperon resonances S 01 (1800) and P 01 (1810), simultaneously, is desired in order to obtain the hadronic form factor cut-off greater than 1500 MeV in their model. The larger value of cut-off is desired in the kaon photoproduction because they argued that the value of 800 MeV found in Ref. [46] is rather unrealistic. In contrast to this, Kaon-Maid does not use any hyperon resonance in its background terms.
In the present work we have tested the sensitivity of our fits to all four hyperon resonances listed in Table I . The values of χ 2 obtained from these fits are listed in Table IV . It is obvious that significant improvement in the χ 2 would be obtained once we included this resonance, especially when the S 01 (1800) is used. This result corroborates the finding of Janssen et al. [6] , since the large hadronic cut-off requires another mechanism to damp the cross section at high energies. This is achieved by a destructive interference between the hyperon resonance contribution and other background terms. Such an interference is also observed in the present work, as obviously indicated by the total cross sections in Fig. 8 .
Although underpredicts experimental data at W − W thr < 40 MeV, the model that excludes the S 01 (1800) resonance starts to overpredict the data, and therefore starts to diverge, at
The improvement obtained by including this resonance is not only observed in the total as well as differential cross sections, but also found in the calculated recoil polarizations and the target asymmetry as shown in Fig. 9 . It is obvious from this figure that including this hyperon resonance results in a perfect agreement between our PS model and experimental data, especially the SAPHIR and GRAAL ones.
VI. CONSTRAINT FROM KAON ELECTROPRODUCTION
For a polarized electron beam with helicity h and no target or recoil polarization, the cross section of kaon electroproduction on a nucleon can be written as
where Φ is the angle between the electron (scattering) and hadron reaction planes, and ǫ is the transverse polarization of the virtual photon
with ψ the electron scattering angle. All kinematical variables given in Eqs. (14) and (15) are shown in Fig. 10 .
The subscripts T, L, and TT in Eq. (14) stand for transversely unpolarized, longitudinally polarized, and transversely polarized virtual photons. The subscripts LT and LT' refer to the interference between transversely and longitudinally polarized virtual photons. Although they are generated by the same interference between longitudinal and transverse components of the hadronic and leptonic currents, they are different because they are generated by the real and imaginary parts of this interference term, respectively. The individual terms may be expressed in terms of the functions A i calculated in Sections II-IV.
FIG. 10: (Color online) Kinematic variables for kaon electroproduction on nucleons.
In the following discussion we adopt the notation of Refs. [47, 48] , i.e.
where σ U refers to the unpolarized differential cross section.
The important ingredients in the electroproduction process are the electromagnetic form factors. Traditionally, to extend a photoproduction model to the case of virtual photon we may use the same hadronic coupling constants extracted from photoproduction data and put the appropriate electromagnetic form factors in the electromagnetic vertices. Since we are not in the position to investigate the effect of electromagnetic form factors in the kaon electroproduction process we use the standard Dirac and Pauli form factors for the proton, expressed in terms of the Sachs form factors,
where κ p is the anomalous magnetic moment of the proton and Q 2 = −k 2 . In the momentum transfer region of interest, the Sachs form factors of the proton G p E (Q 2 ) and G p M (Q 2 ) can be described by the standard dipole form
The kaon form factor is taken from the work of Cardarelli et al. [49] , i.e.
with a = 0.398, Λ 1 = 0.642 GeV, and Λ 2 = 1.386 GeV. We note that this form factor has been used in the calculation of kaon electroproduction in Ref. [50] . For kaon resonances K * and K 1 we use the standard monopole form factor
where the cutoffs Λ K * and Λ K 1 are considered as free parameters. On the other hand for the form factors of hyperon and hyperon resonances we adopt the standard dipole form
where Λ Y and Λ Y * are fitted to experimental data. In the case of PV coupling we also assume a monopole form as in Eq. (20) for the electromagnetic form factor in the contact diagram vertex. Finally, the dependence of the electric and scalar multipoles on Q 2 is taken as [30] 
where α and β are extracted from the fitting process.
We note that there are no kaon electroproduction data available very close to threshold.
The lowest energy where the latest experiment has been performed at JLab is W = 1.65
GeV. In fact, this value comes from the bin center of the collected data with W spans from 1.60 GeV to 1.70 GeV [47] . The extracted data are σ U , σ TT , σ LT , which in total consist of 108 data points at W = 1.65 GeV and Q 2 = 0.65 − 2.55 GeV 2 . In addition, there have been also data available for the polarized structure function σ LT ′ . To this end there are 12 extracted points at the same W with Q 2 = 0.65 GeV 2 and 1.00 GeV 2 [48] .
Surprisingly, fitting the 120 electroproduction data points by adjusting 7 longitudinal parameters given above, i.e., S
since in this case we obtain χ 2 /N ≈ 4000. We have checked our Fortran code and found that this is caused by the large contribution from the background as the momentum transfer Q 2 increases, especially from the K * and K 1 intermediate states. There is of course many possible ways to limit their contributions. One of them is by introducing the same form factor as the one we have used in the multipoles. Thus, for instance, the K * intermediate state has
The result is shown in As shown in the second column of Table V , fitting the 120 electroproduction data points by adjusting 7 longitudinal parameters leads to non-conventional electromagnetic form factors of K * and K 1 , because they practically have the form of e −5.5Q 2 . Note that the choice of the upper limit 5.5 is clearly trivial. However, it would not substantially change the conclusion if we increased it, since in the fitting process this value will always increase to the upper limit with only small effect on the χ 2 . Therefore, the use of the exponential type of form factor given by Eq. (23) it is necessary to refit the hadronic coupling constants in a simultaneous fit to both photo- Coupling Constants PS PS1
χ 2 /N 1.27 1.22 and electroproduction data bases. In this case the electroproduction data will also influence the values of the extracted hadronic coupling constants. The result is shown in the third column of The effect of fitting to both photo-and electroproduction data simultaneously on the photoproduction total cross section is displayed in Fig. 11 . It is easy to understand that the effect of electroproduction data is more apparent in the "higher" energy region, since the data exist at W = 1.65 GeV, about 40 MeV above the threshold. In this region, the cross section is suppressed due to the size of the electroproduction data, which are presumably much smaller than those expected by the photoproduction data. Interestingly, at "lower" energies, the agreement with experimental data is improved after including the electroproduction data. obviously originates from the small values of the K * and K 1 coupling constants. Unfortunately, experimental data from CLAS collaboration (W = 1.657 GeV) are unavailable at these kinematical regions. The SAPHIR data at W = 1.653 GeV seem to be better in this case. Nevertheless, the corresponding accuracy is still unable to firmly resolve the difference between the two calculations, although at the very forward and backward directions the data seem to favor the small values of the K * and K 1 coupling constants. Future experimental measurement at MAMI is expected to settle this problem.
It is also important to note that by comparing the calculated photon beam and recoil polarizations with experimental data as shown in Fig. 13 we can observe the deficiency of the PS1 model. This is understandable, since the data shown in this figure are measured at W ≈ 1.65 GeV, an energy region where predictions of the PS1 model for photoproduction are no longer reliable, due to the strong influence of the electroproduction data (see Fig. 11 ).
Furthermore, the number of the polarization data in the fitting database cannot compete with that of the cross section data. Increasing the number and improving the accuracy of these data near the threshold or using the weighting factor in the fitting process could be expected to improve this situation.
A comparison between separated differential cross sections σ U , σ TT , and σ LT calculated from the PS, PS1, and Kaon-Maid models with experimental data is shown in Fig. 14. In this case it is clear that the PS and PS1 can nicely reproduce the data and their difference is hardly seen. The same result is also shown in case of the polarized structure function σ LT ′ , as displayed in Fig. 15 respectively.
It is also important to note that both PS and PV model seem to choose the zero σ TT , a conclusion that has been also drawn in Ref. [47] . However, we notice that this is in contrast to the prediction of Kaon-Maid.
The Q 2 evolution of the longitudinal cross section σ L is of special interest, especially for estimating the possibility of extracting kaon form factor F K (Q 2 ). In the latest measurement at JLab there has been an attempt to separate σ L and σ T from σ U . Except at W = 1. from Ref. [48] .
that within the combined systematical and statistical uncertainties the longitudinal cross sections are believed to be zero [47] .
The result of our PS and PS1 models are compared with the prediction of Kaon-Maid and very limited experimental data in Fig. 16 . The agreement of the PS and PS1 models with the photoproduction data for transverse cross section at Q 2 = 0 is certainly not surprising.
However, the discrepancies between experimental data and model calculations at Q 2 = 1 GeV 2 still show the consistency of the presented models. It should be remembered that both PS and PS1 models were fitted to the same, but unseparated data σ U . Therefore, as shown in upper and lower panels with the same θ c.m. K in Fig. 16 , the underpredicted σ T will always be compensated by the overpredicted σ L . This result clearly indicates that in order to avoid the "nonphysical" separated longitudinal cross section σ L , a model-dependent extraction of σ L and σ T would be strongly recommended. Obviously, this could be performed only if we had a reliable isobar model that can describe all available data. From the smallness of the longitudinal cross sections shown in Fig. 16 , it is obvious that the extraction of K + form factor is difficult near the production threshold. Moreover, we have numerically found that the longitudinal cross sections shown in the lower panels of Fig. 16 are dominated by the S 11 (1650) contribution. This is understandable since these cross sections are calculated at W = 1.65 GeV, precisely at the pole position. In Ref. [47] it is shown that the "physical" (positive) longitudinal cross section data are only found at higher W , i.e. 1.95 GeV. From this fact, the extraction of the kaon electromagnetic form factor is naturally recommended at higher energies. Especially at W above 2 GeV, where the contribution of nucleon resonances becomes less significant than the background terms.
Furthermore, the extraction is best performed at small |t|, i.e., forward angles, where the contribution of t-channel is maximum.
For completeness we would like also to mention that we have investigated also kaon electroproduction in the case of PV coupling and found no substantial difference from the result of PS coupling.
VII. SUMMARY AND CONCLUSIONS
We have investigated kaon photo-and electroproduction off a proton near the production threshold by means of an isobar model. The background amplitude is constructed from the appropriate Feynman diagrams, whereas the resonance amplitude is calculated by using the multipole formalism. In contrast to the results of the previous works that utilize isobar model or chiral perturbation theory it is found that both PS and PV models in the present work can nicely describe the available photoproduction data up to W = 50 MeV above the threshold. Since in this work the values of the main coupling constants g KΛN and g KΣN are fixed to the SU(3) symmetry prediction, the obtained χ 2 in the PV model is larger than in the case of the PS model. This originates from the fact that for the same coupling constants, the background amplitudes of the PV model is larger than that of the PS model.
The K * and K 1 coupling constants are found to be consistent with the previous works. The Λ resonance S 01 (1800) is found to play an important role in improving the agreement of the model calculation with experimental data, especially in the case of photon and recoil polarizations.
It is found that the K * and K 1 hadronic coupling constants extracted from photoproduction data lead to very large electroproduction differential cross sections, and therefore could not be used unless special form factors that strongly suppress their contributions were introduced or the hadronic coupling constants were refitted to both photo-and electroproduction databases, simultaneously. In the latter, the model reliability at lower energies is improved, whereas at higher energies the calculated photoproduction observables significantly deviate from experimental measurement due to the strong influence of electroproduction data. From the size of longitudinal cross sections σ L predicted by both PS and PS1 models we may conclude that investigation of the kaon electromagnetic form factor, that strongly relies on σ L , is difficult to perform near the threshold region. More accurate experimental data at this energy region would certainly help to clarify some uncertainties in the present work.
